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β-amyloid (Aβ) and copper play important roles in the pathogenesis of Alzheimer’s disease (AD). However, the behavioral 
correlativity and molecular mechanisms of Aβ and copper toxicity have been investigated less often. In the present study, we 
investigated the interaction and toxicity of Aβ1-42 and copper in the Aβ1-42 transgenic Caenorhabditis elegans worm model 
CL2006. Our data show that the paralysis behavior of CL2006 worms significantly deteriorated after exposure to 10−3 mol L−1 
copper ions. However, the paralysis behavior was dramatically attenuated with exposure to 10−4 mol L−1 copper ions. The ex-
ogenous copper treatment also partially changed the homeostatic balance of zinc, manganese, and iron. Our data suggest that 
the accumulation of reactive oxygen species (ROS) was responsible for the paralysis induced by Aβ and copper in CL2006. 
The ROS generation induced by Aβ and copper appear to be through sod-1, prdx-2, skn-1, hsp-60 and hsp-16.2 genes. 
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Senile plaques are a main hallmark of Alzheimer’s disease 
(AD). As the main component of the senile plaque, Aβ1-42, 
which is short for β-amyloid peptide(1-42), is closely asso-
ciated with the pathogenesis of AD [1,2]. Recent reports 
suggested that copper was involved in the pathogenesis of 
AD, although the underlying mechanism is very elusive [3]. 
Some in vitro studies suggested that the abnormal interac-
tions of Aβ with copper are implicated in the formation of 
Aβ1-42 oligomers, which are more toxic than the mono-
mers [4−6]. On the other hand, there is increasing evidence 
that oxidative stress is very strongly correlated with the 
pathogenesis of AD, although the exact mechanism is not 
clear [7]. There were some previous studies related to the 
role of copper in Aβ-generated transgenic rodent models, 
but otherwise the behavioral correlativity and molecular 
mechanism of Aβ and copper toxicity have been investi-
gated less [8−10]. The current work explored the in vivo 
toxicity mechanism of Aβ1-42 and copper in the Aβ1-42 
transgenic Caenorhabditis elegans model [11,12]. 
1  Materials and methods 
1.1   Reagents 
CuCl2 (analysis grade) was dissolved in distilled/deionized 
(dd)-water and stored at 4°C. FUDR (5-fluoro-2′-deoxyuri- 
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dine) and H2DCF-DA (2′,7′-dichlorodihydrofluorescein 
diacetate) were purchased from Sigma (Sigma-Aldrich, 
MO). Protein concentration was determined using the BCA 
kit (Thermo Scientific, Rockford, IL). 
1.2  Worm strains and maintenance 
Standard nematode growth medium (NGM) was used for 
the growth and maintenance of C. elegans at 20°C and 40% 
relative humidity condition [13,14]. Unless stated otherwise, 
plates were seeded with live Escherichia coli OP50 bacteria. 
Bristol N2 (Caenorhabditis Genetics Center, CGC) was 
used as the wild-type strain. The transgenic strain CL2006 
(dvIs2[unc-54::human β-amyloid 1-42; pRF4]) containing 
the human Aβ(1-42) mimic-gene [12] was generated by Dr. 
Link of Colorado University (Boulder, CO, USA). 
1.3  Paralysis assay 
Synchronized hermaphroditic worm populations were 
transferred to plates with FUDR (100 mg L−1), or various 
concentrations of CuCl2 when the young adults began to lay 
eggs. On the first day of adulthood, 120 worms were placed 
on three plates for each treatment group. CuCl2 stock solu-
tion (1 mol L−1) was diluted into a live E. coli OP50 sus-
pension, reaching the indicated final concentrations at 10−3, 
10−4, or 10−6 mol L−1, and was placed on the surface of the 
NGM plates. The worms were tested for paralysis by tap-
ping their noses with a platinum wire. Worms that moved 
their noses but failed to move their bodies were scored as 
“paralyzed”. To avoid scoring of old worms as paralyzed, 
the paralysis assay was terminated on day 12 of adulthood 
[15].  
1.4  Biodistribution assay of elements with micro-beam 
synchrotron radiation X-ray fluorescence (μ-SRXRF) 
Worms were maintained and treated as described above. 
The worms were then transferred to fresh treatment plates 
every two days for the first 12 d. Worms were harvested on 
different days of adulthood and they were washed five times 
with dd-water. The washed worms were placed on polycar-
bonate film after being fixed on a plastic frame and quickly 
frozen in liquid nitrogen for a few seconds. Then the worms 
were kept at room temperature until the subsequent μ- 
SRXRF measurement at the Beijing Synchrotron Radiation 
Facility. The distributions of elements Cu, Zn, Mn, and Fe 
were determined. The spectra were analyzed by the AXIL 
program. The concentration was calculated by means of the 
normalization of the Compton scattering intensity [16].  
1.5  Measurement of the level of ROS in C. elegans 
The level of ROS (reactive oxygen species) in C. elegans 
was measured by the H2DCF-DA assay [17]. Worms were 
maintained and treated as described above. The worms were 
then transferred to fresh treatment plates every two days for 
the first 12 d of the assay. Worms were harvested on differ-
ent days of adulthood and were washed off the plates with 
cold M9 buffer. After three washes, the worms were 
re-suspended in M9 buffer. Hundred μL volume of the sus-
pension was aliquoted into four replicate wells of a 96-well 
plate, and allowed to equilibrate to room temperature. In  
the meantime, a fresh 2 μL H2-DCF-DA solution was pi-
petted into the suspensions to reach a final 100 μmol L−1 
concentration. Worms without H2-DCF-DA, and H2-DCF- 
DA without worms were used as negative controls. After 
addition of H2-DCF-DA, basal fluorescence was measured 
in a Thermo Labsystems Fluoroskan Ascent Microplate 
Reader at excitation/emission wavelengths of 485 and 520 
nm. The initial fluorescence signals of the control wells 
were subtracted from the corresponding signals of each well 
after the second measurement. 1 mL of the initial worm 
suspension from each sample was kept at −80°C for later 
protein quantification to normalize the fluorescence signal. 
Assays were performed in independent duplicate experi-
ments. 
1.6  Gene expression analysis with quantitative real- 
time PCR 
Worms were maintained and treated as described above. 
The worms were then transferred to fresh treatment plates 
every two days for the first 12 d. Worms were harvested on 
different days of adulthood and were washed five times 
with deionized water. Total RNA was extracted from adult 
worms with TRIzol reagent (Invitrogen), and cDNA was 
produced by SuperScript III First-Strand Synthesis Super-
Mix for qRT-PCR (Invitrogen) [18]. The primers are listed 
in Table 1. The ama-1 was used as the internal control. 
Quantitative RT-PCR was carried out on a Rotor-Gene 6000 
centrifugal real-time cycler (Corbett Research, CA) using 
the Platinum SYBR Green qPCR SuperMix-UDG with 
ROX. The cycling conditions were as follows: 50°C for 2 
min, initial denaturation at 95°C for 2 min, followed by 45 
cycles of 15 s at 95°C, 30 s at 60°C, and 30 s at 72°C. 
1.7  Quantification and data analysis 
Statistical analyses were performed by one-way ANOVA 
and shown as mean±SE. Experiments were performed in 
triplicate except when stated otherwise. Differences were 
considered statistically significant at P<0.05. 
2  Results 
2.1  High concentration copper increased paralysis, and 
low concentration copper decreased paralysis in CL2006 
Previous reports have suggested that copper is involved in  
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Table 1  The quantitative real-time PCR primer information 
Genes Primers Sequence (5'→3') 
ama-1 Forward CTGACCCAAAGAACACGGTGA 
 Reverse TCCAATTCGATCCGAAGAAGC 
sod-1 Forward ACGCTTTACGGTCCAAACACT 
 Reverse CTTGGACTCTTCTGCCTTGTCT 
sod-2 Forward AAACAGCTTTCGGCATCAAC 
 Reverse TTCCGAACAGTGGAACAAGTC 
sod-3 Forward AGAACCTTCAAAGGAGCTGATG 
 Reverse CCGCAATAGTGATGTCAGAAAG 
ctl-1 Forward GCGGATACCGTACTCGTGAT 
 Reverse GTGGCTGCTCGTAGTTGTGA 
ctl-2 Forward TCCGTGACCCTATCCACTTC 
 Reverse TGGGATCCGTATCCATTCAT 
ctl-3 Forward GCGGATACCGTACTCGTGAT 
 Reverse GTGGCTGCTCGTAGTTGTGA 
prdx-2 Forward TCTTCATCATCGACCCATCA 
 Reverse CAAACCTCTCCGTGCTTCTC 
C11E4.1 Forward ATACCGTGGACAGGTGCTTC 
 Reverse CATGGGAAGGCAATGAGAGT 
skn-1 Forward AGTGTCGGCGTTCCAGATTTC 
 Reverse GTCGACGAATCTTGCGAATCA 
hsf-1 Forward ATGACTCCACTGTCCCAAGG 
 Reverse TCTTGCCGATTGCTTTCTCT 
hsp-60 Forward TTCAAGTCGTCGCAATCAAG 
 Reverse TCGACTTCTCCGAGATCGTT 
hsp-16.2 Forward CTCAACGTTCCGTTTTTGGT 
 Reverse CGTTGAGATTGATGGCAAAC 
 
the pathogenesis of AD [3], but most of the studies used 
high concentrations of copper, and studies using low con-
centrations of copper on animal models were not found. 
Therefore, we studied the effect of different concentrations 
of copper on the behavior of the CL2006 worm. The be-
havioral assay indicated that treatment with a high concen-
tration (10−3 mol L−1) of copper significantly accelerated the 
paralysis rate of the CL2006 worm, and a low concentration 
(10−4 mol L−1) copper dramatically decelerated the paralysis 
rate of the CL2006 worm on the 8th day of adulthood. The 
lower concentration (10−6 mol L−1) copper treatment had no 
significant effect on the paralysis rate of the CL2006 worm. 
At the same time, we also studied the effect of different 
concentrations of copper on the behavior of the wild type 
worm N2 (no Aβ) and we found that there was no paralysis 
behavior in any of them. These results show that copper 
influenced the Aβ1-42 toxicity in a biphasic concentra-
tion-dependent manner (Figure 1). 
2.2  Aβ1-42 facilitated copper absorption in a concen-
tration-dependent manner and mediated other metal 
homeostasis in the worms  
To study the behavioral correlativity of copper toxicity, the 
copper concentration and homeostasis of other related met-
als in different parts of the worm body were detected by 
micro-beam synchrotron radiation X-ray fluorescence (μ-  
 
Figure 1  Dose response of copper on Aβ toxicity in the transgenic worm 
(CL2006, the Aβ worm) using a paralysis test. The synchronized her-
maphroditic worm populations were transferred to plates with FUDR (100 
mg L−1) with various concentrations of CuCl2 when the young adults began 
to lay eggs. The worms were tested for paralysis by tapping their noses 
with a platinum wire. Worms that moved their noses but failed to move 
their bodies were scored as “paralyzed”. Statistical analyses were per-
formed and shown as mean±SE, n=120; *, P<0.05 significantly different 
from the control group. The control group was CL2006. 10−3 mol L−1 CuCl2 
group indicates that CL2006 was treated with CuCl2 at 1 mmol L−1 concen-
tration. There were no dose-dependent responses of copper on the paralysis 
behavior in the wild-type worm N2 (the rate of paralysis is 0, data not  
shown). 
SRXRF). It was found that the copper mass percent of the 
CL2006 was significantly elevated in the head part and the 
middle part of the worm on about the 4th day of adulthood 
after high concentration (10−3 mol L−1) copper treatment. 
However, the copper mass percent of the CL2006 worm did 
not change significantly in these parts mentioned above (Fig-
ure 2) after the low concentration (10−4 and 10−6 mol L−1) 
copper treatments.  
A previous report has shown that zinc, manganese, and 
iron are associated with the pathogenesis of AD [19]. 
Therefore, the effects of copper administration on the ho-
meostasis of these metals were measured. The zinc mass 
percent of the CL2006 worm was significantly elevated just 
in the head part on about the 4th day of adulthood (result not 
shown) after the low concentration (10−4 and 10−6 mol L−1) 
copper treatments, while the manganese mass percent of the 
CL2006 worm was significantly elevated just in the head 
part on about the 4th day of adulthood (result not shown). 
The iron mass percent of the CL2006 worm was signifi-
cantly elevated just in the head part on about the 4th day of 
adulthood after the high concentration (10−3 mol L−1) copper 
treatment (result not shown). 
These results indicate that after copper treatment, the 
copper mass percent of the CL2006 worm is significantly 
elevated in the head part and the middle part, mainly on 
about the 8th day of adulthood. With regard to the other 
three important oxidative stress-related metals, zinc, man-
ganese, and iron, their changes were very local (just in head)  
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Figure 2  Copper concentration and other metal homeostasis in different parts of the worms were detected by micro-beam synchrotron radiation X-ray 
fluorescence (μ-SRXRF). Statistical analyses were performed and shown as mean±SE, n=120; *, P<0.05 significantly different from the control group. The  
control group was CL2006. 
and not significantly associated with the worm paralysis 
behavior, although copper treatment affected their homeo-
stasis in the CL2006 worm. 
2.3  High concentration copper increased the level of 
ROS, and low concentration copper decreased the level 
of ROS in CL2006 
Some studies reported that oxidative stress is involved in 
the pathogenesis of the AD. Metal toxicity and the correla-
tivity of metal ions and oxidative stress in AD behavioral 
phenotypes were not clear [8−10]. Based on the behavioral 
assay and metal element analysis described above, the level 
of ROS in the worms was measured by H2DCF-DA assay to 
evaluate the behavioral correlativity and molecular mecha-
nism of copper toxicity. It was found that the level of ROS 
in the CL2006 worm was significantly higher than the wild 
type worm N2 (no Aβ) on the 4th, 8th, and 12th days of 
adulthood. This indicated that Aβ1-42 was involved in the 
generation of ROS in the CL2006 worm. Thus, it was found 
that the level of ROS in the CL2006 worm was significantly 
elevated by 75% on about the 4th day of adulthood after 
treatment with the high concentration (10−3 mol L−1) copper. 
However, the level of ROS in the CL2006 worm was sig-
nificantly lowered by 50% on about the 8th day of adult- 
hood after low concentration (10−4 mol L−1) copper treat-
ment. The level of ROS in the CL2006 worm was not sig-
nificantly changed after lower concentration (10−6 mol L−1) 
copper treatment (Figure 3). On about the 8th day of adult-
hood, 10−4 mol L−1 copper treatment significantly decreased 
the level of ROS in the CL2006 worm even more than the 
10−6 mol L−1 copper treatment, compared with the control 
group (CL2006 worm), but the 10−3 mol L−1 copper treat-
ment significantly increased the level of ROS in the 
CL2006 worm. These results suggest that oxidative stress 
was involved in the behavioral changes induced by copper 
in a concentration-dependent manner in the CL2006 worm. 
Thus, they suggest an interaction between copper and 
Aβ1-42 could exist, and could be involved in the behavioral 
changes induced by copper in a concentration-dependent 
manner in the CL2006 worm.  
2.4  Copper incorporation significantly changed the 
RNA levels of sod-1, ctl-2, hsp-60, hsp-16.2, prdx-2, and 
skn-1 genes in CL2006 
Because oxidative stress appeared to be related to the be-
havioral changes caused by copper in the CL2006 worm, we  
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Figure 3  Intracellular levels of ROS in worms. The synchronized her-
maphroditic worm populations were transferred to plates with FUDR (100 
mg L−1) or various concentrations of CuCl2 when the young adults began to 
lay eggs. The level of ROS in C. elegans was measured by H2DCF-DA 
assay. Statistical analyses were performed and shown as mean±SE, n=120; 
*, P<0.05 significantly different from the control group. The control group  
was CL2006. 
analyzed the expression levels of several oxidative stress 
genes [20−28] at the 8th day of adulthood. We compared 
gene expression levels between the wild type worm N2 and 
the Aβ1-42-transgenic worm CL2006. Results demonstrated 
that the expression level of the genes sod-2, ctl-1, ctl-3, 
hsf-1, C11E4.1 and skn-1 in N2 was significantly higher 
than the expression level of these genes in CL2006. We also 
compared gene expression level in the CL2006 worm with 
10−6, 10−4 and 10−3 mol L−1 CuCl2 treatment, respectively, 
compared with the CL2006 worm without CuCl2 treatment. 
Results showed that the expression level of sod-1, sod-2, 
ctl-1, ctl-2, hsp-60, hsp-16.2, prdx-2, C11E4.1, and skn-1 
genes in the CL2006 worm with CuCl2 treatment (10
−6, 10−4 
or 10−3 mol L−1) was significantly different from that of the 
CL2006 worm without CuCl2 treatment, which suggested 
that sod-1, sod-2, ctl-1, ctl-2, hsp-60, hsp-16.2, prdx-2, 
C11E4.1, and skn-1 genes probably are involved in the in-
teraction and toxicity between Αβ1-42 and the different 
copper concentrations in the CL2006 worm. More precisely, 
heat shock factor hsf-1, mitochondria-stress response factor 
hsp-60, and the endoplasmic reticulum-stress response fac-
tor hsp-16.2 were significantly increased after high concen-
tration (10−3 mol L−1) copper treatment in the CL2006 worm. 
However, superoxide dismutase sod-1,2,3, catalase ctl-1,2,3, 
thioredoxin reductase prdx-2, glutathione peroxidase 
C11E4.1, and the oxidative stress regulator skn-1 were in-
creased after low concentration (10−4 and 10−6 mol L−1) 
copper treatment in the CL2006 worm (Figure 4). It was 
noteworthy that the RNA levels of sod-1, ctl-2, hsp-60, 
hsp-16.2, prdx-2, and skn-1 genes were significantly 
changed in the CL2006 worm with different concentrations 
of copper treatment.  
3  Discussion 
Markesbery et al. [7] previously raised the oxidative stress 
hypothesis in AD. Most reports indicated that oxidative 
stress was very closely related to the pathogenesis of AD 
[29,30]. However, these results could not confirm that oxi-
dative stress was either a cause or a consequence of the 
pathogenesis of AD [31−33]. The behavioral assay and 
ROS detection in our study showed that the alteration of 
ROS level proceeded before the exacerbation of paralysis 
after copper treatment. This result suggests that elevated 
ROS level is an important factor in the paralysis behavior of 
the CL2006 worm which is an Aβ1-42 transgenic C. ele-
gans model of AD. Thus, this result indicates that oxidative 
stress is an important factor in the pathogenesis of AD [19].  
Bush et al. [34,35] reported that Aβ1-42 toxicity in AD 
may be caused by abnormal interactions with metal ions 
such as copper, and provided a “metallobiology” model for 
the pathogenesis of AD. Nevertheless, there were some 
studies to support copper overload as the underlying mech-
anism in AD, while there were some studies that indicated 
copper deficiency as the relevant mechanism in AD [36]. 
Both the behavioral assay and element analysis results in 
our study showed that high concentrations of copper can 
significantly increase the paralysis rate of the CL2006 worm 
and low concentrations of copper can significantly decrease 
paralysis rate of the CL2006 worm. This suggests that high 
levels of copper or low levels of copper both can affect the 
Aβ1-42 toxicity which is involved in the pathogenesis of 
AD. 
To elucidate how copper ions are involved in the regula-
tion of ROS levels and gene expression levels in the Aβ1-42 
transgenic C. elegans model of AD, we synthesized the re-
sults in the present study and made comprehensive conclu-
sions. On about the 8th day of adulthood, the ROS level in 
N2 was significantly lower than the ROS level in CL2006, 
while the expression levels of the genes sod-2, ctl-1, ctl-3, 
hsf-1, C11E4.1 and skn-1 in N2 were significantly higher 
than those of these genes in CL2006. Thus, sod-2, ctl-1, 
ctl-3, hsf-1, C11E4.1 and skn-1 genes may be involved in 
the Aβ1-42-induced paralysis behavior of the CL2006 
worm (Figure 4). Moreover, we compared the similarity and 
consistency between the paralysis rate test and ROS level 
test of the CL2006 worm, as well as the expression pattern 
of some genes on about the 8th day of adulthood when the 
CL2006 worm was treated with 10−6, 10−4 , 10−3 mol L−1 
CuCl2 and without CuCl2 treatment, respectively (Table 2). 
We paid attention to the significant changes of expression 
patterns of some genes when the CL2006 worm was treated 
with CuCl2 at concentrations between 10
−4 and 10−3 mol L−1. 
It was found that sod-1, sod-2, ctl-1, ctl-2, hsp-60, hsp-16.2, 
prdx-2, C11E4.1, and skn-1 genes probably are involved in 
the interaction and toxicity between Aβ1-42 and copper in 
the CL2006 worm. Specifically, sod-1, prdx-2, and skn-1  
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Figure 4  Related gene expression level relative to ama-1. A, sod-1. B, sod-2. C, sod-3. D, ctl-1. E, ctl-2. F, ctl-3. G, hsf-1. H, hsp-60. I, hsp-16.2. J, prdx-2. 
K, C11E4.1. L, skn-1. The synchronized hermaphroditic worm populations were transferred to plates with FUDR (100 mg L−1) or various concentrations of 
CuCl2 when the young adults began to lay eggs. Statistical analyses were performed and shown as mean±SE, n=120; *, P<0.05 significantly different from  
the control group. The control group was CL2006, 10−3, 10−4, or 10−6 mol L−1. 
genes are perhaps responsible for the lower ROS level and 
paralysis rate of the CL2006 worm with the 10−4 mol L−1 
CuCl2 treatment. However, both the hsp-60 and hsp-16.2 
genes are perhaps responsible for the higher ROS level and 
paralysis rate of the CL2006 worm with 10−3 mol L−1 CuCl2 
treatment. Together, we found that this group of genes, 
sod-1, prdx-2, and skn-1, as well as the other group of genes, 
hsp-60 and hsp-16.2, were involved in the interaction and 
toxicity between Aβ1-42 and copper in a concentra-
tion-dependent manner in the CL2006 worm. In summary, 
the high expression levels of sod-1, prdx-2, and skn-1 genes 
are associated with the scavenging of ROS and ameliorating 
the paralysis behavior of the CL2006 worm, while high ex-
pression levels of hsp-60 and hsp-16.2 genes are related to 
increased ROS level and the deteriorating paralysis behav-
ior of the CL2006 worm.  
In conclusion, in the present study, we investigated the in 
vivo toxicity of Aβ(1-42) and copper interaction in the 
Aβ(1-42) transgenic C. elegans worm model. Our data 
suggest that high concentrations of copper significantly in- 
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Table 2  Outline of similarity and consistency between paralysis rate test and ROS level test of the CL2006 worm, as well as the expression pattern of some 
genesa) 
 CL2006 10−6 mol L−1 CuCl2 10−4 mol L−1 CuCl2 10−3 mol L−1 CuCl2 Remarks 
Paralysis rate 0 −1 −2 1  
ROS level 0 −1 −2 1  
sod-1 0 1 2 −1 *, a 
sod-2 0 −3 −1 −2 *, a 
sod-3 0 1 −2 −1  
ctl-1 0 2 1 −1 *, b 
ctl-2 0 −2 −3 −1 *, c 
ctl-3 0 3 2 1  
hsf-1 0 1 −1 2  
hsp-60 0 −1 −2 1 *, d 
hsp-16.2 0 −2 −1 1 *, d 
prdx-2 0 1 2 −1 *, a 
C11E4.1 0 3 1 2 *, b 
skn-1 0 2 1 −1 *, b 
a) The paralysis rate, ROS level, and gene expression level of the CL2006 worm without copper treatment were regarded as the baseline, which are 
indicated by the number 0. The numbers 1, 2, and 3 indicate the degree when paralysis rate, ROS level, and gene expression level are more than the baseline, 
respectively. The numbers −1, −2, and −3 indicate the degree when paralysis rate, ROS level, and gene expression level are less than the baseline, respec-
tively. The symbol * indicates significance of gene expression level compared with the baseline, including sod-1, sod-2, ctl-1, ctl-2, hsp-60, hsp-16.2, prdx-2, 
C11E4.1, and skn-1 genes; a, b, c and d indicate changing pattern of gene expression level according to the order of 10−6, 10−4 and 10−3 mol L−1 CuCl2 treat-
ment. There are sod-1, sod-2, and prdx-2 in pattern a, ctl-1, C11E4.1 and skn-1 in pattern b, ctl-2 in pattern c, hsp-60 and hsp-16.2 in pattern d. 
crease the paralysis rate of the Aβ(1-42) worm, and low 
concentrations of copper significantly decrease the paralysis 
rate of the Aβ(1-42) worm. This behavioral correlativity 
caused by the Aβ(1-42) and copper interaction is mainly 
through reactive oxygen species (ROS), which appear to be 
regulated by the changing expression intensity of sod-1, 
prdx-2, skn-1, hsp-60, and hsp-16.2 genes. These novel 
findings provide a molecular mechanism for the pathogene-
sis of AD.  
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